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Abstract  
This r epor t  descr ibes  f u r t h e r  f e a s i b i l i t y  s t u d i e s  of t h e  means of 
measuring t h e  aerodynamic loading on the  blade.  
p ressure  t ransducers  has  been shown t o  be unsa t i s f ac to ry  i n  view of t h e  
s e n s i t i v i t y  of t he  t ransducers  t o  high g loadings p a r a l l e l  t o  t h e  p lane  
of t he  t ransducer  diaphragm and high cost .  An a l t e r n a t i v e  has  been in-  
ves t iga t ed  using s m a l l  bore  thin-walled s t a i n l e s s  s teel  tube. Some pre- 
l iminary s t u d i e s  are reported using the  Biot-Savart Law t o  determine t h e  
induced v e l o c i t i e s .  
The use  of micro-miniature 
IMPROVEMENT OF PROPELLER STATIC 
THRUST ESTIMATION 
Experiment a1 
E f f o r t s  have continued t o  design p rope l l e r  b l ades  and p r o p e l l e r  blade 
instrumentat ion t o  permit c o l l e c t i n g  d a t a  regarding t h e  l o c a l  pressures  
t h a t  e x i s t  a t  t h e  blade s u r f a c e  during operat ion i n  t h e  s ta t ic  t h r u s t  
condition. T e s t  b l ades  have been redesigned t o  a t h i c k e r  s e c t i o n  than 
previously suggested i n  o rde r  t o  provide g r e a t e r  s t i f f n e s s  and s t r u c t u r a l  
i n t e g r i t y  of t h e  b lade  by v i r t u e  of a l a r g e r  c ros s  sec t ion .  The general  
operat ing l i m i t  f o r  t h e  new blades involves a t i p  speed of 600 f e e t  per  
second and should not  r e s u l t  i n  excessive loads o r  stress levels even 
where t h e  p rope l l e r  blade s u r f a c e  has been grooved t o  accept pneunmatic 
tubing. An evaluat ion of t h e  o r i g i n a l l y  proposed scheme of acquir ing 
blade s u r f a c e  p re s su res  by u s e  of micro-miniature p re s su re  t ransducers  
w a s  discont inued i n  view of t h e  s e n s i t i v i t y  of t h e  t ransducers  t o  h igh  
g loadings p a r a l l e l  t o  the plane of t h e  transducer dfaplragm. 
t i on ,  t h e  c o s t  of providing an adequate number of t ransducers  as w e l l  as 
t h e  a t t endan t  s i g n a l  conditioning and switching hardware would involve a 
r a t h e r  l a r g e  expenditure of funds which s e e m  d ispropor t iona te  i n  view of 
t h e  a n t i c i p a t e d  use  of t h e  equipment. 
In addi- 
The second a l t e r n a t i v e  has  been pursued wherein small bore thin- 
walled stainless steel  tubing w i l l  be bonded i n t o  grooves machined i n  t h e  
blade su r faces  and imbeded t o  a depth equal  t o  t h e  diameter of t h e  tubing. 
The p resen t  design involves t h e  use  of a tube having an  ou t s ide  diameter 
2 
of .040 inches.  F l a t t ened  o r  oblong tubing w a s  a v a i l a b l e  but  t he  cos t  w a s  
excessive i n  view of t h e  r a t h e r  s m a l l  amount of tubing requi red  t o  in s t ru -  
ment t i e  p rope l l e r  blade.  
and ho le s  d r i l l e d  i n t o  t h e  bore of t h e  tube through t h e  w a l l  normal t o  t h e  
su r face  a t  t h e  requi red  po in t  of measurement. 
instrumented i n  order  t o  reduce t h e  number of grooves necessary f o r  each 
blade.  
The ends of t he  imheded tubing w i l l  be sea led  
A l l  f ou r  b lades  w i l l  be  
The tubing w i l l  be  routed through a ho le  i n  t h e  shank end of t h e  
b lade  i n t o  t h e  hollow por t ion  of t h e  propel le r  hub where the  tubing w i l l  
be connected t o  t h e  in -por t s  of a scani-valve assembly. 
s l i p - r i n g  assembly and s u i t a b l e  instrumentat ion t h e  pressures  are logged 
on a d i g i t a l  recorder .  
By means of a 
Theore t i ca l  
Earlier approaches have been based on the  Navier-Stokes equat ions.  
At ten t ion  has  now been turned t o  t h e  app l i ca t ion  of t h e  Biot-Savart l a w .  
The c i r c u l a t i o n  r can be  expressed as 
The v a r i a t i o n  i n  c i r c u l a t i o n  f o r  t he  case  of 7 s  0 75 and p= 0.25 
i s  shown i n  f i g u r e  1. Superimposed on t h i s  graph are f i v e  rec tangular  
uniform loadings of varying length  but  of constant  s t r eng th  equal t o  
. The lengths  of t he  rec tangular  areas are determined s o  t h a t  KAA 
t h e  sum of t h e  areas of t h e  f i v e  rec tangular  s ec t ions  equals  t h e  area 
under t h e  a c t u a l  loading d i s t r i b u t i o n  curve. The induced v e l o c i t i e s  due 
3 
t o  t h e  t e n  h e l i c a l  t r a i l i n g  v o r t i c e s  can now be ca lcu la ted  by summation 
using t h e  Biot-Savart Law. 
Figure 2 shows the  induced v e l o c i t i e s  f o r  ?=0'75and p ~0 .25 .  
Figure 3 shows t h e  induced v e l o c i t i e s  f o r  1 , 0 6  and f?=08g . For 
both loading conf igura t ions  considered t h e  a x i a l  induced v e l o c i t y  becomes 
negat ive  inboard of t h e  propel le r  blade t i p .  
p: 0 s  5 
w e l l  as a t  t h e  p rope l l e r  t i p .  This condi t ion,  i .e.  r e v e r s a l  of t h e  a x i a l l y  
7=- and The loading f o r  
produced a negat ive a x i a l  ve loc i ty  a t  t h e  p rope l l e r  cen te r  as 
induced v e l o c i t y  a t  t h e  center  and/or t i p ,  has  been observed i n  experimental  
s tud ie s .  From these  r e s u l t s  i t  appears t h a t  moving t h e  poin t  of maximum 
aerodynamic loading inboard tends t o  reduce t h r u s t  and inc rease  t h e  area of 
t h e  p rope l l e r  plane which experiences a negat ive  induced v e l o c i t y .  
Figures  4 and 5 show how the  t h r u s t  varies along t h e  b lade  and i l l u s t r a t e  
t h a t  negat ive a x i a l  v e l o c i t i e s  se r ious ly  reduced t h e  a v a i l a b l e  th rus t .  
Figures  1 through 5 w e r e  obtained by M r .  E. M. Kelley as p a r t  of h i s  




cons tan t  i n  equat ion (1) 
r a d i u s  
p rope l l e r  hub r a d i u s  
p r o p e l l e r  r ad ius  
c y l i n d r i c a l  coord ina tes  
t h r u s t  
v e l o c i t i e s  i n  5 $, Z 
induced v e l o c i t i e s  a t  t h e  p rope l l e r  plane 
cons tan ts  i n  c i r c u l a t i o n  equation (1) 
c i r c u l a t i o n  
t i p  vo r t ex  s t r e n g t h  
d i r ec - ion  r e spec t ive ly  
The normalized v a r i a b l e  are def ined by 
5 








(a) Blade C i r c u l a t i o n  
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( e )  Radial  Induced Velocity 
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Fig.  2 T r a i l i n g  Vortex Induced Veloc i t ies  




(a) Blade C i rcu la t ion  



























(d) Tangent ia l  Induced Velocity 10 
20 -
vi 
Fig. 3 T r a i l i n g  Vortex Induced Ve loc i t i e s  











Fig. 4 .  Thrust Distribution, 7 = 0.75 and f = 0.25 
7 = O e 5  and B = 0 * 5  Fig. -5 Thrust Distribution, 
